This report on a 4 week, randomized, placebo controlled, parallel group, repeated measures, double-blind study clinical trial of a preparation containing Acetyl-L-Carnitine, Vinpocetine and Huperzine A administered to healthy volunteers has identified that the product significantly improves a well validated global score from six tests of working and episodic memory, with an effect sized improvement comparable to the current medications approved to treat Alzheimer's disease.
and can be converted to acetylcholine [7] . Vinpocetine has been found to improve cerebral metabolism, increase glucose and oxygen consumption by the brain as well as to improve its resistance to hypoxia [8] . It also improves cerebral microcirculation and blood flow by inhibiting platelet aggregation [9] , improving red blood cell deformability [10] and reducing cerebral vascular resistance. It also has neuroprotective effects through blocking voltage-gated sodium channels [11] and increasing the effects of adenosine [12] . Huperzine A is an anticholinesterase inhibitor which exerts its effects via the brain cholinergic systems.
Introduction
Procera AVH is a proprietary combination of the three widely studied compounds -Acetyl-L-Carnitine, Vinpocetine and Huperzine A. Preclinical work on each compound has established mechanistic bases which could enhance human cognitive function as well as treat cognitive impairment. Acetyl-L-Carnitine administered orally actively passes from the blood stream into the brain [1] where it exhibits a variety of beneficial effects. These include promoting cellular energy production, the removal of toxic accumulations of fatty acids [2, 3] and elevating levels of nerve growth factor [4, 5] . Acetyl-L-Carnitine directly stimulates the cholinergic system Participants 90 healthy male and female participants aged from 22 to 66 years (mean age 48.3 years) were recruited for the study. All gave written informed consent.
Treatment
On each of the 28 study days, the participants took 3 capsules containing a total of Acetyl-L-Carnitine 1500 mg, Vinpocetine 15 mg and Huperzine A 150 µg, or 3 placebo capsules which were identical in appearance.
Selection Criteria
Each participant underwent an individual screening appointment with a registered nurse. Screening comprised a medical history and cognitive assessments. Participants were eligible if they were aged between 22 and 66 years of age; not currently taking prescription drugs affecting the brain or nervous system (e.g., acetylcholinesterase inhibitors, anticholinergics, stimulants, L-dopa, MAO inhibitors, NMDA receptor antagonists, antidepressants), not taking OTC medications affecting the brain (e.g., ephedra based diet pills); not having used any OTC supplements within the past 30 days that have effects on either cognition or mood (e.g. Ginseng, Gingko, Vinpocetine, 5HTP, Tryptophan, St. John's Wort, phosphatidylserine, acetyl-l-carnitine); not active smokers; not taking anti-coagulant drugs (e.g. Warfarin, Heparin, Plavix); anticholinergics or acetylcholinesterase inhibitors; did not have any of the following health conditions: AIDS, HIV, chronic fatigue syndrome, Epstein-Barr, fibromyalgia, lupus, multiple sclerosis, thyroiditis, ulcerative colitis, Crohn's disease, irritable bowel syndrome, dementia including Alzheimer's and Parkinson's disease, Type 1 or 2 diabetes, insomnia or sleep apnoea, narcolepsy; no history of head trauma; no neurological deficits; not pregnant or lactating; not anticipating any planned changes in lifestyle (e.g. exercise regimen) for the duration of the study; and with no known allergies to nuts.
Study Procedure

Procedure
During screening each participant completed a general health assessment, which included blood pressure, height and weight, and were then randomly allocated into one of the two treatment groups. They completed a training session on the CDR System which is required in order for the participants to become familiar with the various tests. At the Baseline day they were administered the CDR System followed by the POMS. One and 4 weeks later they again attended the laboratory and again performed the CDR System followed by the POMS.
Participants were requested not to have alcohol or caffeine-containing food or beverages on the three testing days (e.g. coffee, tea, chocolate and energy drinks containing caffeine or guarana). Further on the ther Huperzine A has shown beneficial effects in patients with dementia as well as in healthy volunteers in a scopolamine model of Alzheimer's disease [17] .
Overall, there is sufficient clinical data to support a clinical trial to evaluate the prediction that a combination of these three products would favourably affect major domains of cognitive function in healthy volunteers. Preliminary results from one such trial have been reported [18] . The study was a randomized, double-blind, placebo controlled, 30 day evaluation of the effects of Procera AVH on cognitive function in healthy volunteers. The major cognitive endpoint was the CDR System, a widely used set of automated tests assessing major aspects of cognitive function including attention, vigilance, information processing, working and episodic memory. The preliminary report assessed the overall change after 4 weeks on the various measures from 7 of the 9 tests administered, as well as changes in mood assessed using the Profile of Mood States (POMS). On the basis of this initial analysis, the authors concluded: "Overall, the results suggest that the combination nutraceutical formula, Procera AVH, exerts beneficial effects on both cognition and mood" (Page 18; [18] ). The analysis reported here additionally includes data from immediate and delayed word recall tasks which were conducted in the study, as well as a study assessment which was made at 1 week following dosing which was not evaluated in the preliminary report. Further, the CDR System has long had a validated Factor Structure which has been confirmed with principal components analysis [19] . The four major domains which emerge from this analysis are: Power of Attention, the ability to focus attention and process information; Continuity of Attention, the ability to sustain attention, e.g. vigilance; Quality of Memory, the ability to encode, store and subsequently retrieve information held in working memory (both spatial and articulatory) and episodic memory (verbal and non-verbal); and Speed of Memory, the time taken to retrieve information held in working and episodic memory. Since the factor structure was established, it has been used in the vast majority of subsequent publications, including numerous trials in healthy volunteers showing sensitivity to a wide variety of natural products, such energy drinks [20, 21] , caffeine (e.g. **), Guarana (e.g. [22] ), Ginkgo biloba (e.g. [23] ), Panax ginseng (e.g. [24] ), Melissa officinalis (e.g. [25] ) and Salvia (e.g. [26] ). It has also been used widely in clinical trials of compounds to treat various dementias (e.g. [21, 26, 27] ) including a pivotal FDA registration study [28] .
Methods
Design
Randomized, placebo controlled, parallel group, repeated measures, double-blind study. The study was approved by the Ethical Review Board of Swinburne University.
Due to the weight of evidence discussed above indicating that the ingredients in Procera would be expected to improve cognitive function, as is common practice in many research fields [29] [30] [31] , including regulatory clinical trials [32, 33] , one-tailed hypothesis testing was employed.
To determine any relationship between changes in cognitive function and mood states, the change from baseline data at week 4 for each CDR System score were correlated with the change in the TMD score from the POMS at this time using the Spearman's rank-order correlation technique.
Results
CDR System data were available at one or more study days for 73 of the 90 participants who were screened, 46 who had been randomised to active treatment, and 37 who had been randomised to placebo. Of these participants, baseline data plus data from one or both weeks 1 and 4 were available for 44 of the active treated participants and 33 placebo treated participants. The four composite factor scores were calculated using methods described previously [19, 23] :
Power of Attention: This is the sum of the reaction time scores from the three attention tests -simple reaction time, choice reaction time and digit vigilance.
Continuity of Attention: This is the sum of the number of correct responses in the choice reaction time and digit vigilance tasks, less the number of false alarm responses in the digit vigilance task.
Quality of Memory: This is the sum of the percentage correct responses from each of the two working memory tasks (numeric and spatial) and the four episodic memory tasks (immediate word recall, delayed word recall, word recognition and picture recognition). It combines a total of 12 accuracy scores from the 6 tasks with a maximum possible score of 600 units.
Speed of Memory:
Reaction times for all correct responses are recorded for the two working memory tasks (numeric and spatial) and the two episodic memory recognition tasks (word recognition and picture rec-testing days to control for food intake participants were required to eat a light breakfast (e.g. 2 pieces of toast or cereal with juice).
Cognitive testing
The automated CDR System tests used in this study comprised simple reaction time, choice reaction time, digit vigilance, spatial working memory, articulatory working memory, immediate and delayed word recall, word and picture recognition. These tests have been described previously (e.g. [19] ). The tests were administered using a laptop computer and the participants made their responders using a response box containing YES and a NO buttons. For immediate and delayed word recall, the participant wrote the words down on a sheet of paper. The tests were administered by research staff who sat with the participant throughout testing, read preset instructions for each test, then when satisfied the participant understood the test requirements, initiated the test. The data were stored on the computer and also on pen drives. Each test session took around 20 minutes to complete.
Mood testing
The widely used Profile of Mood States (POMS) is a 65 item self-report questionnaire which has an overall score, named Total Mood Disturbance (TMD). In the preliminary analysis, there were significant reductions in this measure at 4 weeks [18] . This change from baseline at week 4 on the measure was included in the analysis.
Statistical analysis
Change from baseline data were created by subtracting the scores at weeks 1 and 4 from the baseline scores. These data were analysed for each of the four factors using mixed model repeated measures ANCOVAs conducted with the PROC MIXED procedure from the SAS® System. Fixed terms were fitted for dosing condition, study week and the interaction between them. Participants were fitted as a random variable. The baseline score was included as a covariate. Degrees of Freedom were adjusted using the Kenward-Roger approximation. of Memory, it also reliably improved the volunteers compared to their pre-study levels.
There were missing data in this study. This can lead to concerns that these missing data have somehow influenced the pattern of results. The most commonly used method for dealing with such situations is a technique named Last Observation Carried Forward (LOCF). This involves replacing missing post-dosing data with scores from previous post-dosing sessions, if available. In the present study, any participant with missing data at week 4 would have any available week 1 data carried forward and substituted for the missing week 4 score. This analysis was performed to determine whether the missing data could have notably influenced the outcome. For Power of Attention, the overall p value from the LOCF analysis was p = 0.0653, and the mean separation between placebo and active increased slightly from 15.1 to 15.6 msec. For Quality of Memory, the overall p value from the LOCF analysis was p = 0.0341, and the mean separation between placebo and active decreased slightly from 13.97 to 12.41 units. The p-values for the other two factors remained notably non-significant. This additional analysis indicates it was unlikely that the outcome of this study had been notably influenced by the presence of missing data.
The change from pre-dosing scores in the POMS TMD score at 4 weeks were correlated with the changes in Quality of Memory at this time. For the placebo group, there was a non-significant Spearman's Rho correlation in the direction of improved mood being associated with improved Quality of Memory (r = -0.194; p = 0.412). The correlation in the Procera participants was greater and achieved statistical significance (r = -0.414, p = 0.0494).
Discussion
This analysis of the Stough, et al. study using the CDR System Factor scores has identified a statistically significant benefit of Procera AVH on Quality of Memory, a score which combines the accuracy score from the six tests of working and episodic memory. Further, there was a notable and highly significant improvement within the Procera treated participants on this measure of memory compared to their pre-study levels, whereas the smaller improvement under placebo was not statistically reliable. The Speed of Memory score, which reflects the time taken to make decisions in four of the memory tasks, showed an identical change over time in both conditions. Thus the improvements in accuracy on the working memory and episodic recognition memory tasks with Procera cannot be attributed to a change in response strategy, for instance making more accurate responses by taking more time to make them. Overall, this finding for Quality of Memory indicates that it was the ability to store, retain and subsequently retrieve information from short and long term memory stores ognition). This score was the sum of the reaction times from these four tasks.
The results of the ANCOVAs are summarized in Table 1 . There were no significant interactions between dose and the weeks of testing for any of the 4 measures, and thus the Table concerns the overall main effects of Procera over weeks 1 and 4 of the study period. The column headed Procera contains the p-values for the F-Ratios of the main effect of Procera. The overall mean changes over weeks 1 and 4 for each condition are presented as LSmeans together with the standard errors of the mean (SEM) and 95% confidence intervals. As the scores are changes from baseline, the p-value for the overall change from baseline in placebo or active is presented in the last column for each dosing group.
For Power of Attention, there was a statistical trend for Procera to be superior to placebo, showing an increase in speed over the study compared to a decline with placebo. For Continuity of Attention, there was no significant main effect, although the small decline over the study was greater under placebo than with Procera. On these two measures, neither dosing condition showed a significant change relative to the pre-study baseline levels. For Speed of Memory there was no main effect, but both groups improved over the study to an equivalent extent, this most likely representing a training effect which is sometimes seen on this measure.
Quality of Memory showed a statistically significant main effect of dosing (p = 0.0294), representing a greater improvement over the study in the Procera group compared to the placebo group. Procera also showed a highly significant improvement over the course of the study (p < 0.0001) compared to the baseline level, while the notably smaller improvement under placebo was not significant. The effect is presented in Figure 1 . Thus not only did Procera outperform placebo on Quality idence of the capability of Procera to produce meaningful improvements to a major measure combining the accuracy scores from six working and episodic memory tasks. As the Speed of Memory measure was not differentially affected by Procera and placebo, this indicates that it was the ability to store, retain and subsequently retrieve information from short and long term memory stores which was improved by the product, as opposed to how quickly the information could be retrieved. These improvements on this measure of short and long term memory represent a clinical effect size that exceeds those produced by the current therapies for Alzheimer's disease. Further, the improvements produced by Procera AVH on two major memory systems were also significantly associated with a beneficial effect of the product upon mood disturbance. As Stough, et al. [18] concluded, such positive findings merit follow up in a larger trial. which was improved by the product, as opposed to how quickly the information could be retrieved.
Power of Attention, a measure of focused attention and information processing, showed a statistical trend towards a significant benefit of Procera over placebo. The other composite score from the 3 attention tests, Continuity of Attention, which reflects sustained concentration, did not show statistical support for a benefit of Procera, though the pattern of data was in favour of Procera.
Effect sizes are now widely used to estimate the actual magnitude of benefit of a statistical finding -the larger the effect size the more clinically important the result. One widely used measure of effect size is Cohen's d. In the present study, the Cohen's d effect size of the improvement of Procera over placebo on Quality of Memory was 0.38. Rockwood [34] reviewed the effect sizes seen in the clinical trials for the anticholinesterases in Alzheimer's disease. This class of compounds accounts for all but one of the drugs currently licensed to treat this major form of dementia. Rockwood reported a median effect size of 0.28 at the highest effective doses (range 0.01-0.31; [34] ). The finding of an effect size of 0.38 in the present study thus indicates that Procera produces improvements which can be considered to be of clinical relevance. Further, the improvement to Power of Attention with Procera over placebo had an effect size of 0.25, which while not significant compares well to the effect size of 0.28 seen with the anticholinesterases in AD.
In the published report on the Procera AVH study [18] , the most robust effect of the compound on mood states was a statistically significant and substantial reduction in the Total Mood Disturbance (TMD) scores from the 65 question Profile of Mood States (POMS). The relationships between mood states and the quality of both working and episodic memory have been extensively studied. For example 'sad mood' has been associated with working memory deficits [35] , depressed patients being particularly participant to such effects [36] . Conversely, increased emotional arousal is associated with improvements in working and episodic memory [37] . In a study of diet in obese participants, at 8 weeks the POMS TMD dropped substantially and working memory performance improved, both effects being statistically significant [38] . It is thus important that in this study, the improvement to Quality of Memory with Procera correlated significantly with the drop in POMS TMD. This finding, which ties in two independent study outcomes, provides important evidence of the beneficial effects of Procera on both mood and Quality of Memory.
Conclusion
Overall, this further analysis of the data from the Stough, et al. study has provided statistically reliable ev-
